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1. 

MAGNETIC HEAD WITH LAMINATED SIDE 
SHIELDS 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This application claims priority from Japanese Patent 
Application No. 2004-010796, filed Jan. 19, 2004, the entire 
disclosure of which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

The present invention relates to a magnetic head, and a 
magnetic recording and playback drive comprising the same. 
A magnetic head for use in a magnetic recording and play 

back drive has a magnetic recording head and a magnetic read 
head (magnetic read element) which generally comprises a 
pair of upper and lower magnetic shields, a magnetoresistive 
film interposed between the shields and a pair of electric leads 
electrically connected to the magnetoresistive film. In the 
case of a magnetic recording and playback drive having an 
areal recording density of more than 100 Gbits per inch, a 
high sensitivity read element Such as a giant magnetoresistive 
film (GMR film) or tunneling magnetoresistive film (TMR 
film) is used as the magnetoresistive film. These magnetore 
sistive films have a ferromagnetic free layer, an intermediate 
layer, and a ferromagnetic pinned layer; the magnetization of 
the ferromagnetic free layer turns according to a change in a 
leakage magnetic field from a magnetic recording medium in 
which information is recorded. Meanwhile, the direction of 
the magnetic moment of the ferromagnetic pinned layer is 
substantially fixed. When a sensing current is applied to these 
magnetoresistive films, the Voltage of the element changes 
according to the angle between the magnetization of the fer 
romagnetic free layer and the magnetization of the ferromag 
netic pinned layer, and is observed as a read waveform. A 
conductor is used as the intermediate layer of the GMR film 
whereas a barrier layer made of an oxidized material is used 
as the intermediate layer of the TMR film. Although the TMR 
film has higher element resistance than the GMR film, it has 
a very large read amplitude which is considered as advanta 
geous in increasing the recording density of a magnetic 
recording and playback drive. 

In the case of the GMR film, a sensing current is applied in 
the track width direction within the film plane. This type of 
element is generally called “CIP (current in the plane). In the 
CIP element, an insulator is interposed between the upper and 
lower magnetic shields and the electric leads or GMR film to 
ensure read output. However, when the interval between the 
upper and lower magnetic shields is narrowed to increase the 
recording density of a future magnetic recording and play 
back drive, the above insulator becomes thin and insulation 
between the electric leads and the upper and lower magnetic 
shields deteriorates. As a result, read output greatly decreases 
and noise increases, thereby significantly reducing the yield 
of the magnetic head. As a solution to these problems, CPP 
(current perpendicular to the plane) in which a sensing cur 
rent is applied perpendicular to the film plane is attracting 
attention. Since a pair of electric leads can serve as upper and 
lower magnetic shields in a CIP element, it is not necessary to 
take insulation between them into account. It is reported that 
the magnetoresistive ratio of the CPP-GMR film can be made 
higher than that of a CIP-GMR film. Meanwhile, a TMR 
element must be of a CPP type because it exhibits a magne 
toresistive effect theoretically and a pair of electric leads can 
serve as upper and lower shields. The CPP-GMR film and the 
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2 
TMR film are thus considered as the most promising for the 
next-generation high-sensitivity magnetic recording head. 
The magnetic read head has a domain control layer to 

provide a mono-domain structure to the ferromagnetic free 
layer. This is aimed to maintain the mono-domain structure 
and prevent the malfunctioning of the recording and playback 
drive even when the magnetic domain of the ferromagnetic 
free layer is magnetically influenced by the write head or the 
upper and lower magnetic shields. As the domain control 
structure is generally used a structure in which a pair of 
permanent magnets are arranged at both ends in the track 
width direction of the magnetoresistive film (JP-A 125311/ 
1991). In this structure, the magnetic domain of the ferromag 
netic free layer maintains the mono-domain structure by a 
magnetic field generated by the permanent magnets. For the 
TMR film and the CPP-GMR film, a structure that the domain 
control layer is formed on the ferromagnetic free layer is 
proposed. As the domain control layer, there is known a 
multi-layered film consisting of a permanent magnet (JP-A 
259824/1999) or antiferromagnetic film and a ferromagnetic 
film. 
To increase the density of a magnetic recording and play 

back drive, the width of each recording bit must be reduced. 
To attain this, (1) the interval between the upper and lower 
magnetic shields of the magnetic read head and the width of 
the read track must be reduced. At the same time, (2) the 
magnetic spacing which is the distance between the magne 
toresistive film and the Surface of the recording medium must 
be reduced. This is because the media fields from the record 
ing bits are overlapped with one another when the magnetic 
spacing is large, thereby making it difficult to read recorded 
information accurately. To realize (1), the interval between 
electric leads and the width in the track width direction of the 
magnetoresistive film are reduced. To realize (2), the flying 
height of the magnetic head is reduced and the protective film 
of the recording medium is reduced in thickness. 

BRIEF SUMMARY OF THE INVENTION 

As described above, to increase the recording density of the 
magnetic recording and playback drive, the element size of 
the magnetic head has been made very Small. However, it is 
known that when the size in the track width direction of the 
magnetoresistive film is Smaller than 100 nm, the magnetic 
track width does not become smaller in proportion to the track 
width. The term “magnetic track width' is defined as follows. 
The off-track characteristics of the read head, that is, the 
distribution of read sensitivity is measured using a signal 
from a smaller recording track than the track width of the 
magnetoresistive film of the magnetic head. The width of a 
position corresponding to 10% of the maximum output of this 
distribution of read sensitivity is taken as “magnetic track 
width. Further, the difference between the magnetic track 
width and the track width of the magnetoresistive film is 
called “spread read width.” Then it has been found that a head 
having a track width of the magnetoresistive film of 100 nm 
has a spread read width of about 50 nm, that is, about 50% of 
the width in the track width direction of the magnetoresistive 
film. Thus, when the spread read width is large, an extremely 
small element is needed and it is extremely difficult to fabri 
cate such a small element with the current state of art. To 
reduce the spread read width, there is proposed a magnetic 
head comprising a side magnetic shield at both ends in the 
track width direction of the magnetoresistive film. 
The side magnetic shield is composed of a soft magnetic 

film and has a level difference near the magnetoresistive film. 
Therefore, a complex magnetic domain is formed in the vicin 
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ity of the track end portion of the side magnetic shield. Mean 
while, magnetic charges are generated in the track endportion 
of the side magnetic shield and induce a magnetic field at the 
position of the magnetoresistive film. When a signal field 
from the medium or a leakage magnetic field from the write 5 
head enters the side magnetic shield, the magnetic domain of 
the side magnetic shield moves irreversibly, whereby the 
distribution of the above magnetic charges changes irregu 
larly along the passage of time. As a result, the magnetic 
charges generate an irregular magnetic field at the position of 10 
the magnetoresistive film along the passage of time, and this 
magnetic field increases Barkhausen noise and changes the 
read output. When this unstable read head having a low SN 
ratio is incorporated in a magnetic recording and playback 
drive, it is easily projected that the drive will not operate 15 
properly. 

In order to eliminate the influence of the magnetic field 
from the side magnetic shield, it is conceivable that the inter 
val in the track width direction between the magnetoresistive 
film and the side magnetic shield should be made large. How- 20 
ever, when the interval is made large, the effect of reducing 
the spread read width becomes Small. For example, according 
to calculation by the inventors of the present invention, in 
order to reduce the magnetic field from the side magnetic 
shield to about 8 kA/m, i.e., about half the magnetic field of a 25 
media signal in a head having a width in the track width 
direction of the magnetoresistive film of 100 nm, the interval 
in the track width direction between the magnetoresistive film 
and the side magnetic shield film must be increased to about 
20 nm. In this case, the spread read width reaches 34 nm. 30 
Meanwhile, when the interval in the track width direction 
between the magnetoresistive film and the side magnetic 
shield film is 10 nm, the spread read width can be reduced to 
about 20 nm but the value of the magnetic field from the side 
magnetic shield reaches 34.4 kA/m. It is considered from the 35 
results of these calculations that the interval in the track width 
direction between the magnetoresistive film and the side mag 
netic shield film must be made as large as 20 nm or more in 
order to obtain stable read operation. In this case, the spread 
read width reaches 35% of the track width of the magnetore- 40 
sistive film. 

Thus, in the conventional side magnetic shield, the stable 
read operation and the effect of reducing the spread read 
width conflict with each other. Considering from the fact that 
the proportion of the spread read width to the track width of 45 
the magnetoresistive film increases as the track width 
becomes narrower, it is clear that it is difficult to realize a 
future narrow track read head. 

It is a feature of the present invention to provide a narrow 
track read head having side magnetic shields, which realizes 50 
the effect of fully reducing the spread read width and stable 
read operation at the same time as well as a magnetic record 
ing and playback drive having an area recording density of 
more than 100 Gb/inch. 
The above feature of the present invention is attained by 55 

preparing a side magnetic shield having a multi-layer struc 
ture that includes separate layers and soft magnetic layers 
which are arranged alternately, having the soft magnetic lay 
ers magnetized in opposite directions, and setting the number 
of side magnetic shield layers and the interval between the 60 
side magnetic shield and the magnetoresistive film to opti 
mum values to minimize the magnetic influence upon the 
magnetoresistive film of the side magnetic shield. 

According to an aspect of the present invention, the mag 
netic head comprises an upper magnetic shield, a lower mag- 65 
netic shield, a magnetoresistive film interposed between the 
upper magnetic shield and the lower magnetic shield, and 

4 
electric leads for applying a current in the thickness direction 
of the magnetoresistive film. The magnetoresistive film has a 
first ferromagnetic layer whose magnetization direction is 
changed by an external magnetic field, a non-magnetic layer, 
a second ferromagnetic layer whose magnetization direction 
is fixed, and a pair of side magnetic shields, each including a 
plurality of Soft magnetic layers and a plurality of separate 
layers which are arranged alternately, are formed on both 
sides in the track width direction of the magnetoresistive film. 
The separate layers contain Ta, Cu, Ru, Cr, Iror Rh, and two 
Soft magnetic layers above and below each separate layer are 
magnetized in opposite directions. Each side magnetic shield 
preferably has 3 or more soft magnetic layers. 

Since the side magnetic shield has a multi-layer structure 
including soft magnetic layers which are magnetized in oppo 
site directions and separate layers, magnetic charges having 
opposite signs are generated alternately in the track end por 
tion of the side magnetic shield, thereby greatly reducing a 
magnetic field induced at the position of the magnetoresistive 
film, preventing Barkhausen noise caused by the irreversible 
movement of the magnetic domain of the side magnetic 
shield, and Suppressing a change in read output. As a result, 
even when the read track (width) of a magnetic read element 
constituting the magnetic head is narrow, the effective read 
track width can be minimized and side reading can be pre 
vented. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows an example of a magnified ABS view of the 
magnetic head in accordance with the present invention. 

FIG. 2 shows another example of a magnified ABS view of 
the magnetic head in accordance with the present invention. 

FIG.3 shows another example of a magnified ABS view of 
the magnetic head in accordance with the present invention. 

FIG. 4 shows another example of a magnified ABS view of 
the magnetic head in accordance with the present invention. 

FIG. 5 shows a conceptual ABS view of the magnetic head 
with a single-layer side magnetic shield. 

FIG. 6 shows a conceptual ABS view of the head with a 
multi-layered side magnetic shield. 

FIG. 7 shows an explanation of the static magnetic cou 
pling and antiferromagnetic exchange coupling between the 
two soft magnetic layers. 

FIG. 8 shows a plot of the relation between the number of 
the side magnetic shielded multilayers and the induced mag 
netic field from the side shield of the magnetic head in accor 
dance with an embodiment of the present invention. 

FIG. 9 shows a plot of the relation between the spacing 
from the side magnetic shield to the MR element and the 
spread read width of the magnetic head in accordance with 
another embodiment of the present invention. 

FIG. 10 shows a conceptual magnified view around the 
region of the side magnetic shield and MR element of the 
magnetic head in accordance with another embodiment of the 
present invention. 

FIG.11 shows an example of a conceptual diagonally cross 
sectional view of the magnetic head in accordance with 
another embodiment of the present invention. 

FIG. 12 shows an example of an ABS view of the magnetic 
head in accordance with another embodiment of the present 
invention. 

FIG. 13 shows a conceptual diagonally cross sectional 
view of the magnetic head shown in FIG. 12. 

FIG. 14 shows another example of an ABS view of the 
magnetic head in accordance with another embodiment of the 
present invention. 
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FIG. 15 shows a conceptual diagonally cross sectional 
view of the magnetic head shown in FIG. 14. 

FIG. 16 shows an example of the system of the magnetic 
recording drive in accordance with another embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Since the side magnetic shield is arranged at both ends in 
the track width direction of the magnetoresistive film in 
embodiments of the present invention, a TMR film or CPP 
GMR film is used as the magnetoresistive film, and further a 
domain control layer is formed on the magnetoresistive film. 
In this structure, a permanent magnet for domain control does 
not need to be arranged at both ends in the track width direc 
tion of the magnetoresistive film unlike the conventional 
head. Embodiments of the magnetic head and the magnetic 
recording and playback drive to which the present invention is 
applied will be described hereinbelow. For easy understand 
ing, the same functional parts are given the same reference 
symbols in the following diagrams. 

EXAMPLE1 

FIG. 1 is a diagram of one example of the magnetic head of 
the present invention. FIG. 1 is an enlarged ABS view of a 
read head. A 3 um-thick lower magnetic shield 1 made of 
NiFe was formed on a substrate through base alumina. The 
lower magnetic shield 1 also serves as part of a pair of electric 
leads for electrically connecting a magnetoresistive film. A 
TMR film was formed on the lower magnetic shield. The 
TMR film consisted of an underlayer 12 made of 1 nm-thick 
NiFe and 3.5 nm-thick NiCrFe, a 15 nm-thick MnPt antifer 
romagnetic layer 13, a 2 nm-thick NiFe first ferromagnetic 
pinned layer 14, a 1 nm-thick Ru non-magnetic separate layer 
15, a 3 nm-thick NiFe second ferromagnetic pinned layer 16, 
a 0.6nm-thickalumina barrier layer 17 and a 4 nm-thick NiFe 
ferromagnetic free layer 18 in the mentioned order from the 
substrate side. In this example, the TMR film was used as the 
magnetoresistive film but a CPP-GMR film can be used in 
place of the TMR film. The ferromagnetic layer 13 may be 
omitted according to the circumstances. 
A domain control layer was formed on the TMR element to 

provide a mono-domain structure to the ferromagnetic free 
layer 18. The domain control layer was composed of a 2 
nm-thick CoFe longitudinal biasing layer 21 and a 12 nm 
thick PtMn antiferromagnetic layer 22 and formed on a 2 
nm-thick Ta non-magnetic separate layer 20. The non-mag 
netic separate layer 20 may be a multi-layered film made of 1 
nm-thick Cu and 1 nm-thick Ru. The antiferromagnetic layer 
22 may be made of IrMn. The domain control layer may be 
composed of a 2 nm-thick CoCrPt hard magnetic layer 
formed on a 3 mm-thick non-magnetic separate layer. A cap 
ping layer 23 made of 4 nm-thick Ta and 6 mm-thick Ru was 
formed on the antiferromagnetic layer 22. 

Thin films such as the above TMR film and CPP-GMR film 
were manufactured by depositing the following materials on 
a 1 nm-thick ceramic Substrate in an Ar atmosphere at a 
pressure of 1 to 6 mTorr by a high-frequency magnetron 
sputtering device one by one. Ta, Ni-20 at 96 Fe alloy, Cu, Co. 
MnPt, Ru, alumina and NiMn targets were used as sputtering 
targets. 1 cm Fe and Nichips were arranged on the Co target 
to control composition. The multi-layered film was formed by 
applying high frequency electric power to each cathode 
where each target was arranged to generate plasma in the 
device and opening and closing shutters arranged in each 
cathode one by one to form each layer. At the time of forming 
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6 
a film, a permanent magnet was used to apply a magnetic field 
of 640 A/m to a substrate in parallel to the substrate in order 
to provide magnetic uniaxial anisotropy. The formed film was 
annealed under vacuum in a magnetic field at 270° C. for 3 
hours for the phase transformation of the MnPtantiferromag 
netic film to measure its magnetic resistance at room tempera 
ture. After annealing, a large magnetic field was applied to the 
hard magnetic film at room temperature. 
The magnetoresistive film was patterned to ensure that the 

width in the track width direction of the barrier layer 17 
became a desired value. In this example, it was 90 nm. Pat 
terning was carried out by placing a photoresist having a 
predetermined width on the magnetoresistive film and remov 
ing unnecessary portions by etching while using this photo 
resist as a mask. Before this mask was removed, an insulator 
30 made of alumina or silicon oxide was formed. The thick 
ness of the flat portion of the insulator 30 was 25 nm. Further, 
a multi-layered side magnetic shield 41 consisting of 2 nm 
thick Ta non-magnetic separate layers 31 and soft magnetic 
shield layers 32 was formed on the insulator 30. In this 
example, the number of the soft magnetic shield layers 32 was 
4. However, a desired number of layers may be formed and 
the number of layers is preferably 3 or more. Each of the 
non-magnetic separate layers 31 may be a multi-layered film 
made of 1 nm-thick Cu and 1 nm-thick Ru. The soft magnetic 
layers and separate layers converge along a line formed by an 
upper corner of the magnetoresistive film and the upper mag 
netic shield. 

After the above mask was removed, a 2 um-thick NiFe 
upper magnetic shield 2 was formed on the magnetoresistive 
film patterned as described above. The upper magnetic shield 
2 also serves as part of a pair of electric leads for electrically 
connecting the magnetoresistive film. 
The interval Gs between the upper magnetic shield 2 and 

the lower magnetic shield 1 in a portion where the magne 
toresistive film is arranged is 55 nm. Meanwhile, the interval 
tsp in the track width direction of the ferromagnetic freelayer 
18 and the side magnetic shield 41 is 10 nm. To control the 
interval Gs between the upper and lower magnetic shields, the 
thicknesses of the underlayer 12, antiferromagnetic layer 13, 
antiferromagnetic layer 22 and capping layer 23 may be 
changed. 
The recording and read characteristics of the magnetic 

head having multi-layered side magnetic shields of this 
example was evaluated by setting the magnetic spacing 
between the ABS(Air bearing surface) of the head and the 
magnetic recording medium at 15 nm. 

Although the width in the track width direction of the TMR 
film was narrow at 90 nm, a read output higher than 2 mV at 
a detection voltage of 150 mV was obtained. Thereafter, an 
extremely narrow track was formed on the magnetic record 
ing medium to measure the off-track characteristics (sensi 
tivity distribution) of the read element. When the width of the 
sensitivity distribution at a position corresponding to 10% of 
the maximum output was defined as "magnetic track width.” 
it was about 114 nm. Therefore, the spread read width in this 
example was about 24 nm. A change in read output was 
measured by carrying out recording and read operations 
repeatedly to confirm the stability of the read operation. A 
change in read output after 1,000 times of recording and read 
operations was good at 8.5%. A change in read output is 
defined as a value obtained by dividing the difference 
between the maximum value and the minimum value of read 
output by an average value. 

For comparison, a head having the same magnetoresistive 
film and single-layer side magnetic shields of the same ele 
ment size as the above magnetic head was fabricated to evalu 
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ate its recording and read characteristics. As a result, the 
obtained read output and spread read width values were 
almost the same at 2 mV or more and about 26 nm, respec 
tively. However, the change rate of read output was large at 
15.7%. Therefore, in this example, a magnetic head having 
the great effect of reducing the spread read width and showing 
stable read operation was obtained by providing a multi 
layered structure to the side magnetic shields. 

EXAMPLE 2 

The magnetic head according to another embodiment of 
the present invention may have a structure in which part of the 
side magnetic shield is integrated with the upper magnetic 
shield. An example of this magnetic head is shown in FIG. 2. 
The magnetic head of this example has already been outlined 
in Example 1. 
A3 um-thick NiFe lower magnetic shield 1 was formed on 

a Substrate through base alumina. The lower magnetic shield 
1 also serves as part of a pair of electric leads for electrically 
connecting a magnetoresistive film. ATMR film was formed 
on the lower magnetic shield. The detailed constitution of the 
TMR film is the same as that of Example 1. A CPP-GMR film 
may be used in place of the TMR film. A domain control layer 
was formed on the TMR element to provide a mono-domain 
structure to the ferromagnetic free layer 18. The domain 
control layer was composed of a 2 nm-thick CoFelongitudi 
nal biasing layer 21 and a 12 nm-thick PtMn antiferromag 
netic layer 22 and formed on a 2 nm-thick Ta non-magnetic 
separate layer 20. The non-magnetic separate layer 20 may be 
a multi-layered film made of 1 nm-thick Cu and 1 nm-thick 
Ru. The domain control layer may be composed of a 2 nm 
thick CoCrPt hard magnetic material formed on a 2 nm-thick 
Ta non-magnetic separate layer. A capping layer 23 made of 
4 nm-thick Ta and 6 mm-thick Ru was formed on the antifer 
romagnetic layer 22. 
The magnetoresistive film was patterned to ensure that the 

width in the track width direction of the barrier layer 17 
became a desired value, e.g., 90 nm in this example. Pattern 
ing was carried out by placing a photoresist having a prede 
termined width on the magnetoresistive film and removing 
unnecessary portions by etching using this photoresist as a 
mask. Before this mask was removed, an insulator 30 made of 
alumina or silicon oxide was formed. The thickness of the flat 

portion of the insulator 30 was 25 nm. After the above mask 
was removed, a multi-layered side magnetic shield 41 com 
posed of 2 nm-thick Ta non-magnetic separate layers 31 and 
soft magnetic shield layers 32 was formed on the insulator 30. 
In this example, the number of the Soft magnetic shield layers 
was 4 but may be any desired value (3 or more). Each of the 
non-magnetic separate layers 31 may be a multi-layered film 
made of 1 nm-thick Cu and 1 nm-thick Ru. 

Further, a 2 um-thick NiFe upper magnetic shield 2 was 
formed on the side magnetic shield. The upper magnetic 
shield 2 also serves as part of a pair of electric leads for 
electrically connecting a magnetoresistive film. The interval 
Gs between the top of the antiferromagnetic layer 22 and the 
lower magnetic shield 1 in a portion where the magnetoresis 
tive film is arranged is 55 nm. The width tsp in the track width 
direction between the ferromagnetic free layer 18 and the side 
magnetic shield 41 is 10 nm. 
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8 
When the mask is removed before the side magnetic shield 

is formed, an advantage in the production process that the 
resist hardly remains is obtained. 

EXAMPLE 3 

The magnetic head according to another embodiment of 
the present invention may have a structure that a lower shied 
is dug down. An example of this magnetic head is shown in 
FIG. 3. The magnetic head of this example has already been 
outlined in Example 1. 
A3 um-thick NiFe lower magnetic shield 1 was formed on 

a Substrate through base alumina. The lower magnetic shield 
1 also serves as part of a pair of electric leads for electrically 
connecting a magnetoresistive film. ATMR film was formed 
on the lower magnetic shield. The detailed constitution of the 
TMR film is the same as that of Example 1. A CPP-GMR film 
may be used in place of the TMR film. A domain control layer 
was formed on the TMR element to provide a mono-domain 
structure to the ferromagnetic free layer 18. The domain 
control layer was composed of a 2 nm-thick CoFelongitudi 
nal biasing layer 21 and a 12 nm-thick PtMn antiferromag 
netic layer 22 and formed on a 2 nm-thick Ta non-magnetic 
separate layer 20. The non-magnetic separate layer 20 may be 
a multi-layered film made of 1 nm-thick Cu and 1 nm-thick 
Ru. The domain control layer may be composed of a 2 nm 
thick CoCrPt hard magnetic material formed on a 2 nm-thick 
Ta non-magnetic separate layer. A capping layer 23 made of 
4 nm-thick Ta and 6 mm-thick Ru was formed on the antifer 
romagnetic layer 22. 
The magnetoresistive film was patterned to ensure that the 

width in the track width direction of the barrier layer 17 
became a desired value, e.g., 90 nm in this example. Pattern 
ing was carried out by placing a photoresist having a prede 
termined width on the magnetoresistive film and removing 
unnecessary portions by etching using this photoresist as a 
mask. Part of the top surface of the lower magnetic shield 1 
was dug down a suitable thickness X by etching at the same 
time. In this example, the amount X of digging was 20 nm. 
Before this mask was removed, an insulator 30 made of 
alumina or silicon oxide was formed. The thickness of the flat 
portion of the insulator 30 was 25 nm. Further, a multi-layered 
side magnetic shield 41 consisting of 2 nm-thick Ta non 
magnetic separate layers 31 and soft magnetic shield layers 
32 was formed on the insulator 30. In this example, the 
number of soft magnetic shield layers 32 was 4 but may be 
any desired value. Each of the non-magnetic separate layer 31 
may be a multi-layered film made of 1 nm-thick Cu and 1 
nm-thick Ru. 

After the above mask was removed, a 2 um-thick NiFe 
upper magnetic shield 2 was formed on the magnetoresistive 
film patterned as described above. The upper magnetic shield 
2 also serves as part of a pair of electric leads for electrically 
connecting a magnetoresistive film. The interval Gs between 
the upper magnetic shield 2 and the lower magnetic shield 1 
in a portion where the magnetoresistive film is arranged is 55 
nm. The width tsp in the track width direction between the 
ferromagnetic free layer 18 and the side magnetic shield 41 is 
10 nm. 

In this example, since the thickness of the insulator 30 
becomes larger than that of a magnetic head in which the 
amount X of digging is Zero, the performance of the insulator 
between the upper magnetic shield 2 and the lower magnetic 
shield 1 becomes high. Therefore, there is obtained an advan 
tage that the reliability of the head improves. On the other 
hand, a level difference is produced in the lower magnetic 
shield 1, whereby the domain structure becomes slightly 
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unstable and the production process becomes slightly com 
plicated. Therefore, the amount of digging may be 80 nm at 
maximum and should be determined in consideration of the 
reliability and production cost of the head. 

EXAMPLE 4 

The magnetic head according to another embodiment of 
the present invention may have a structure that the patterning 
of the magnetoresistive film is stopped before the antiferro 
magnetic layer 13 constituting the TMR film. An example of 
this case is shown in FIG. 4. The magnetic head of this 
example has already been outlined in Example 1. 
A3 um-thick NiFe lower magnetic shield 1 was formed on 

a Substrate through base alumina. The lower magnetic shield 
1 also serves as part of a pair of electric leads for electrically 
connecting a magnetoresistive film. ATMR film was formed 
on the lower magnetic shield. The TMR film was composed 
of an underlayer 12 made of 1 nm-thick NiFe and 3.5 nm 
thick NiCrfe, a 20 nm-thick MnPt antiferromagnetic layer 
13, a 2 nm-thick NiFe first ferromagnetic pinned layer 14, a 
0.8 nm-thick Runon-magnetic separate layer 15, a 3 nm-thick 
NiFe second ferromagnetic pinned layer 16, a 0.6nm-thick 
alumina barrier layer 17 and a 4 nm-thick NiFe ferromagnetic 
free layer 18 in the mentioned order from the substrate side. A 
CPP-GMR film may be used in place of the TMR film. A 
domain control layer was formed on the TMR element to 
provide a mono-domain structure to the ferromagnetic free 
layer 18. The domain control layer was composed of a 2 
nm-thick CoFe longitudinal biasing layer 21 and a 15 nm 
thick PtMn antiferromagnetic layer 22 and formed on a 2 
nm-thick Ta non-magnetic separate layer 20. The non-mag 
netic separate layer 20 may be a multi-layered film made of 1 
nm-thick Cu and 1 nm-thick Ru. The domain control layer 
may be composed of a 2 nm-thick CoCrPt hard magnetic 
material formed on a 2 nm-thick Ta non-magnetic separate 
layer. A capping layer 23 made of 4 nm-thick Ta and 6 nim 
thick Ru was formed on the antiferromagnetic layer 22. 

The magnetoresistive film was patterned to ensure that the 
width in the track width direction of the barrier layer 17 
became a desired value, e.g., 90 nm in this example. Pattern 
ing was carried out by placing a photoresist having a prede 
termined width on the above magnetoresistive film and 
removing unnecessary portions by etching using this photo 
resist as a mask while monitoring not to remove the antifer 
romagnetic layer 21. Before this mask was removed, an insu 
lator 30 made of alumina or silicon oxide was formed. The 
thickness of the flat portion of the insulator 30 was 20 nm. 
Further, a multi-layered side magnetic shield 41 composed of 
2 nm-thick Ta non-magnetic separate layers 31 and Soft mag 
netic shield layers 32 was formed on the insulator 30. In this 
example, the number of the soft magnetic shield layers was 4 
but may be any desired value. Each of the non-magnetic 
separate layers 31 may be a multi-layered film made of 1 
nm-thick Cu and 1 nm-thick Ru. 

After the above mask was removed, a 2 um-thick NiFe 
upper magnetic shield 2 was formed on the magnetoresistive 
film patterned as described above. The upper magnetic shield 
2 also serves as part of a pair of electric leads for electrically 
connecting the magnetoresistive film. The interval Gs 
between the upper magnetic shield 2 and the lower magnetic 
shield 1 in a portion where the magnetoresistive film is 
arranged is 55 nm. The width tsp in the track width direction 
between the ferromagnetic free layer 18 and the side mag 
netic shield 41 is 10 nm. 

In this example, the thickness of the antiferromagnetic 
layer 13 is 15 nm and may be increased to about 20 nm. When 
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10 
the antiferromagnetic layer 13 is made thick, the thermal 
stability of the antiferromagnetic layer improves. To adjust 
the interval Gs between the upper magnetic shield 2 and the 
lower magnetic shield 1, the thicknesses of the underlayer 12, 
the antiferromagnetic layer 22 and the capping layer 23 may 
be changed. When patterning is stopped before the antiferro 
magnetic layer 13 as shown in FIG. 4, the resistances of the 
antiferromagnetic layer 13 and the underlayer 12 become 
lower than that of the head shown in FIG. 1. Therefore, the 
resistance of the read head lowers and noise decreases. As the 
CPP-GMR film has low element resistance and large contri 
bution to resistance from the antiferromagnetic layer 13, the 
effect of reducing the resistance of the head is large. Since the 
element size is becoming Smaller and the element resistance 
is becoming higher, it is considered that the structure of this 
example is becoming more and more important. 
A description is Subsequently given of the results of studies 

on the number of layers of the side magnetic shield. FIG. 5 is 
a conceptual diagram of a magnetic head with single-layer 
side magnetic shields and FIG. 6 is a conceptual diagram of a 
magnetic head with multi-layered side magnetic shields. 

In the magnetic head with single-layer side magnetic 
shields shown in FIG. 5, magnetic charges having the same 
sign are generated at the track end of each side magnetic 
shield and induce a magnetic field at the position of a sensor 
film. Meanwhile, since the side magnetic shield has a level 
difference as seen from FIG. 5, it has many magnetic 
domains. These magnetic domains are influenced by the mag 
netic field of the medium and a leakage magnetic field from 
the write head to move irreversibly. Therefore, as the distri 
bution of magnetic charges induced at the track end changes 
along the passage of time, the induced magnetic field changes 
along the passage of time as well, which induces Barkhausen 
noise and causes unstable read operation. Therefore, it is 
considered that the read operation is stabilized by reducing 
the induced magnetic field. 
To realize this, in another embodiment of the present inven 

tion as shown in FIG. 6, the side magnetic shield has multiple 
Soft magnetic layers formed on the non-magnetic layers, and 
the soft magnetic layers are magnetized in opposite direc 
tions. When this structure is employed, as shown in FIG. 6, 
magnetic charges having opposite signs are generated at the 
track end of the side magnetic shield and magnetic fields 
induced by these are canceled by each other. Static magnetic 
coupling or ferromagnetic exchange coupling is utilized to 
magnetize the soft magnetic layers in opposite directions. 

FIG. 7 is a conceptual diagram of coupling between soft 
magnetic layers separated by non-magnetic layers. As shown 
in FIG. 7. Static magnetic coupling acts on the track ends of 
the Soft magnetic layers and antiferromagnetic exchange cou 
pling acts on the film plane of each soft magnetic layer. Thus, 
when the side magnetic shield has a plurality of soft magnetic 
layers which are magnetized in opposite directions, the 
induced magnetic field at the position of the sensor film can be 
greatly reduced as compared with a single-layer magnetic 
shield. 
To verify this, the results of investigation will be given 

below based on calculation based on magnetic charge mod 
els. FIG. 8 shows the relationship between the number of 
layers of the side magnetic shield and the induced magnetic 
field. The interval tsp between the side magnetic shield and 
the sensor film is changed to 5 nm, 10 nm, and 15 nm. It is 
understood from FIG. 8 that, in the case of a single-layer 
magnetic shield (the number of layers is 1), as tsp becomes 
narrower, the induced magnetic field greatly increases. When 
tsp is 15 nm or less, the induced magnetic field is 25 kA/m or 
more which is almost the same as the media signal magnetic 
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field (several tens of kA/m). Therefore, in the case of the 
single-layer magnetic shield, it is considered that the induced 
magnetic field has a great influence upon read operation. 
When the number of layers is 3 or more, regardless oftsp, the 
induced magnetic field is 10 kA/m or less which is smaller 
than the media field. 

FIG. 9 shows the relationship between tsp and the spread 
read width. In FIG. 9, calculation is made based on the con 
dition that the number of layers is 3. As shown in FIG.9, when 
tsp becomes narrower, the spread read width decreases. For 
example, when tsp is 5 nm, the spread read width is about 30% 
Smaller than that when tsp is 20 nm. A reduction in tsp is 
effective in reducing the spread read width. 

Thus, when the number of layers of the shield is 3 or more, 
even if tsp is narrow at 5 nm, the induced magnetic field is 
sufficiently small and stable read operation is obtained. Since 
tsp can be made much narrower, a greater spread read width 
reduction effect can be expected. 

It is understood from FIG. 8that when the number of layers 
is large, even if tsp is 5 nm or less, the induced magnetic field 
is sufficiently small. To reduce the spread read width, tsp is 
preferably narrower. However, when tsp is almost the same as 
the distance (about 2 nm) between the ferromagnetic free 
layer and the domain control layer, an output change may 
become a problem. FIG. 10 is a partially enlarged conceptual 
diagram of the magnetoresistive element and the side mag 
netic shield. As shown in FIG. 10, when tsp becomes narrow, 
a magnetic flux from the domain control layer is absorbed into 
the side magnetic shield, thereby weakening domain control 
force applied to the ferromagnetic free layer. As a result, the 
magnetic domain of the ferromagnetic free layer becomes 
unstable, Barkhausen noise increases, and a output change 
becomes large. Therefore, a value larger than the distance 
(about 2 nm) between the ferromagnetic free layer and the 
domain control layer is desirably selected as tsp. The distance 
tsp is desirably smaller than the distance between the surface 
of the magnetic recording medium and the ABS (air bearing 
Surface) of the magnetic read element, that is, magnetic spac 
ing. Since the size in the track width direction of the media 
magnetic field is almost the same as the magnetic spacing, if 
tsp is Smaller than the magnetic spacing, a side shield effect is 
rarely obtained. 

FIG. 11 is a schematic perspective sectional view of an 
example of the magnetic head of the present invention. Coils 
52 for generating a magnetic flux were formed between an 
upper yoke 51 and a lower yoke 50 and a write current having 
a desired pattern was applied to the coils to generate a write 
magnetic field in the recording gap between the upper and 
lower yokes 51 and 50 so as to write magnetization informa 
tion having a desired magnetization direction to the magnetic 
recording medium. The leakage magnetic field was detected 
with the magnetoresistive film 100 from magnetization infor 
mation written to the magnetic medium to read the informa 
tion. Since the write head portion and the read head portion 
were formed on the same Substrate integratedly and existent 
close to each other as described above, the write magnetic 
field generated from the write head portion affected the read 
head portion and changed a read signal waveform and output. 
As the domain control layers 21 and 22 were formed on the 
magnetoresistive film as shown in FIG. 1 in this example, 
even when the write and read operations were repeated 1,000 
times, the change width of read output was 10% or less which 
is sufficiently low for practical use. When the domain control 
layer was omitted, output became half or twice the reference 
value. Therefore, it could be confirmed that stable operation 
was obtained by the effect of the domain control layers 21 and 
22. 
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EXAMPLE 5 

The above examples are all magnetic heads for longitudi 
nal recording. This example is a magnetic head for perpen 
dicular recording. 

FIG. 12 is an ABS view of the magnetic head of this 
example. A lower shield 1, a magnetoresistive film 100 and an 
upper shield 2 were formed in the mentioned order from the 
substrate (not shown) side, a 500 nm-thick alumina non 
magnetic separate layer 64 was formed on this read element, 
and a 2 um-thick Ni Fe alloy return pole 72 was formed on 
the non-magnetic separate layer 64. A multi-layered side 
magnetic shield composed of separate layers and Soft mag 
netic layers which were arranged alternately was formed on 
both sides in the track width direction of the magnetoresistive 
film 100. A 200 nm-thick Fe Co alloy main pole 71 was 
formed above the return pole 72. The main pole 71 is shaped 
like an inverted trapezoid having a larger upper width than its 
lower width as shown in the enlarged view of the figure, and 
the upper width 53 was 130 nm. The distance between the 
main pole 71 and the return pole 72 at ABS was about 5um. 

FIG. 13 is a schematic perspective sectional view of the 
magnetic head of this example. Coils 80 for generating a 
magnetic flux were formed between the main pole 71 and the 
return pole 72. By applying a recording current having a 
desired pattern to these, a recording magnetic field 101 was 
generated in the magnetic gap between the main pole 71 and 
the return pole 72 to be applied in a desired pattern to the 
magnetic recording layer 200 of the magnetic recording 
medium, thereby writing magnetization information 201 to 
the magnetic recording layer 200. To use the magnetic field 
generated in the magnetic head more effectively for perpen 
dicular recording, a 5 nm-thick non-magnetic separate film 
210 and a 200 nm-thick soft magnetic underlayer 220 were 
formed under the magnetic recording layer 200. To read infor 
mation, the magnetic field leaked from the magnetization 
information 201 written to the magnetic recording layer 200 
is detected by the magnetoresistive film 100. A magnetic 
recording and playback drive having high recording density 
can be realized by using this magnetic head. 

EXAMPLE 6 

Example 5 is a magnetic head having a main pole on the 
read head side. This example is a magnetic head for perpen 
dicular recording having a return pole on a read head side. 

FIG. 14 is an ABS view of the magnetic head of this 
example. A lower shield 1, a magnetoresistive film 100 and an 
upper shield 2 were formed in the mentioned order from the 
substrate (not shown) side, and a 200 nm-thick Fe Co alloy 
main pole 71 and a 2 uM-thick Ni Fe alloy return pole 72 
were formed on this read element through an alumina non 
magnetic separate layer 64. The main pole 71 is shaped like an 
inverted trapezoid having a larger upper width than its lower 
width as shown in the enlarged view of the figure, and the 
upper width 53 was 130 nm. The distance between the main 
pole 71 and the return pole 72 at ABS was about 5um. The 
magnetoresistive film 100 had a ferromagnetic free layer 
whose magnetization direction was changed by an external 
magnetic field, a non-magnetic layer and a ferromagnetic 
pinned layer whose magnetization direction was fixed, and a 
multi-layered side magnetic shield composed of separate lay 
ers and Soft magnetic layers (4 soft magnetic layers) which 
were arranged alternately was formed on both sides in the 
track width direction of the magnetoresistive film 100. The 
interval in the track width direction between the ferromag 
netic free layer and the side magnetic shield layer was 10 nm. 
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FIG. 15 is a schematic perspective sectional view of the 
magnetic head of this example. Coils 80 for generating a 
magnetic flux were formed between the main pole 71 and the 
return pole 72. By applying a write current having a desired 
pattern to these, a recording magnetic field 101 was generated 
in the magnetic gap between the main pole 71 and the return 
pole 72 to write magnetization information 201 to the mag 
netic recording layer 200 of the magnetic recording medium. 
To use the magnetic field generated in the magnetic head 
effectively for perpendicular recording, a 5 nm-thick non 
magnetic separate film 210 and a 200 nm-thick Soft magnetic 
underlayer 220 were formed under the magnetic recording 
layer 200. To read information, the magnetic field leaked 
from the magnetization information 201 written to the mag 
netic recording layer 200 is detected by the magnetoresistive 
film 100. A magnetic recording and playback drive having 
high recording density can be realized by using this magnetic 
head. 

FIG.16 is a schematic diagram showing the constitution of 
the magnetic recording and playback drive of the present 
invention. This magnetic recording and playback drive com 
prises a disk-like magnetic recording medium 91 having a 
magnetic recording layer 200 for recording information mag 
netically, a spindle motor 92 for driving the magnetic record 
ing medium, a head slider 90 mounting a magnetic head 
having a magnetic recording head and a magnetic read head, 
an actuator for driving the head slider 90 mounting the mag 
netic head, and a signal processing system 94 for processing 
a recording signal to the recording head and a read signal from 
the read head. 

The magnetic recording medium 91 is driven by the spindle 
motor 93, and the head slider 90 is guided to the top of a track 
of the magnetic recording medium 91 by the actuator 92. The 
read head and the recording head formed on the head slider 90 
are brought close to a predetermined recording position above 
the disk-like magnetic recording medium 91 by this consti 
tution and moved relative to the magnetic recording medium 
91 to write or read signals one by one. The actuator 92 may be 
a rotary actuator. The recording signal is recorded on the 
medium by the recording head through the signal processing 
system 94 and the output of the read head is obtained as a read 
signal through the signal processing system.94. Further, when 
the read head is moved above a desired recording track, the 
position of the read head above the track is detected by using 
high-sensitivity output from the read head and the actuator is 
controlled to position the head slider. In the diagram, one head 
slider 90 and one magnetic recording medium 91 are shown 
but a plurality of head sliders 90 and a plurality of magnetic 
recording media 91 may be used. The magnetic recording 
medium 91 may have a magnetic recording layer 200 on both 
sides to record information. When information is recorded on 
both sides of the disk, the head slider 90 is arranged on both 
sides of the disk. 
At the time of recording and reading, the magnetic spacing 

between the magnetic recording layer of the magnetic record 
ing medium and the magnetoresistive film was set to 15 nm. 
Thus, the interval in the track width direction between the 
ferromagnetic free layer of the magnetoresistive film and the 
side magnetic shield of the read head was made Smaller than 
the magnetic spacing between the magnetic recording layer 
of the magnetic recording medium and the magnetoresistive 
film at the time of recording and reading, thereby making it 
possible to reduce the spread read width to about 26% of the 
track width. Since the spread read width could be made small, 
the malfunction of the drive caused by a cross talk that a signal 
component recorded on the adjacent recording track is read 
did not occur. 
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It is to be understood that the above description is intended 

to be illustrative and not restrictive. Many embodiments will 
be apparent to those of skill in the art upon reviewing the 
above description. The scope of the invention should, there 
fore, be determined not with reference to the above descrip 
tion, but instead should be determined with reference to the 
appended claims along with their full scope of equivalents. 
What is claimed is: 
1. A magnetic head comprising: 
an upper magnetic shield; 
a lower magnetic shield; and 
a magnetoresistive film formed between the upper mag 

netic shield and the lower magnetic shield; 
wherein the magnetoresistive film has a domain control 

layer including an antiferromagnetic layer, a longitudi 
nal biasing layer and a non magnetic separation layer, a 
first ferromagnetic layer whose magnetization direction 
is changed by an external magnetic field, a non-magnetic 
layer, and a second ferromagnetic layer whose magne 
tization direction is fixed; and 

wherein a pair of side magnetic shields, each of which is a 
multi-layered film including a plurality of soft magnetic 
layers and a plurality of separate layers arranged alter 
nately, are formed on both sides in a track width direc 
tion of the magnetoresistive film and converge along a 
line formed by an upper corner of the magnetoresistive 
film and the upper magnetic shield. 

2. The magnetic head according to claim 1, wherein the 
separate layers contain Ta, Cu, Ru, Cr, Iror Rh, and two soft 
magnetic layers above and below each separate layer are 
magnetized in opposite directions. 

3. The magnetic head according to claim 1, wherein the 
plurality of Soft magnetic layers are antiferromagnetically 
and static magnetically coupled to one another at the end in 
the track width direction. 

4. The magnetic head according to claim 1, wherein the 
plurality of Soft magnetic layers are antiferromagnetically 
exchange coupled to one another through the separate layers. 

5. The magnetic head according to claim 1, wherein each of 
the side magnetic shields comprises at least 3 soft magnetic 
layers. 

6. The magnetic head according to claim 1, wherein the 
pair of side magnetic shields exist on an extension line in the 
track width direction of the first ferromagnetic layer. 

7. The magnetic head according to claim 1, wherein the 
domain control layer for stabilizing the magnetic domain of 
the first ferromagnetic layer is formed on the first ferromag 
netic layer through the non-magnetic separation layer. 

8. The magnetic head according to claim 7, wherein the 
domain control layer is composed of a hard magnetic film. 

9. The magnetic head according to claim 7, wherein the 
non-magnetic separation layer contains Ta, Cu, Ru, Cr, Ir or 
Rh. 

10. The magnetic head according to claim 7, wherein an 
interval in the track width direction between the first ferro 
magnetic layer and the side magnetic shield is larger than an 
interval in a film thickness direction between the first ferro 
magnetic layer and the domain control layer. 

11. The magnetic head according to claim 7. 
wherein an interval in the track width direction between the 

ferromagnetic freelayer and each side magnetic shield is 
greater than a distance between the ferromagnetic free 
layer and the domain control layer. 

12. The magnetic head according to claim 1, further com 
prising electric leads to apply a current in a thickness direc 
tion of the magnetoresistive film. 
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13. A magnetic recording and playback drive comprising a 
magnetic recording medium having a magnetic recording 
layer for recording information magnetically, a drive unit 
configured to drive the magnetic recording medium, a mag 
netic head including a magnetic recording head and a mag 
netic read head, an actuator configured to drive the magnetic 
head relative to the magnetic recording medium, and a signal 
processing system configured to process a signal from the 
magnetic head, 

wherein the magnetic read head comprises an upper mag 
netic shield, a lower magnetic shield, and a magnetore 
sistive film formed between the upper magnetic shield 
and the lower magnetic shield; 

wherein the magnetoresistive film has a domain control 
layer including an antiferromagnetic layer, a longitudi 
nal biasing layer and a non magnetic separation layer, a 
first ferromagnetic layer whose magnetization direction 
is changed by an external magnetic field, a non-magnetic 
layer, and a second ferromagnetic layer whose magne 
tization direction is fixed, and 

wherein a pair of side magnetic shields each of which is a 
multi-layered film including a plurality of soft magnetic 
layers and a plurality of separate layers arranged alter 
nately, are formed on both sides in a track width direc 
tion of the magnetoresistive film and converge along a 
line formed by an upper corner of the magnetoresistive 
film and the upper magnetic shield. 

14. The magnetic recording and playback drive according 
to claim 13, wherein an interval in the track width direction 
between the first ferromagnetic layer and each side magnetic 
shield is Smaller than a magnetic spacing between the mag 

10 

15 

25 

30 

16 
netic recording layer of the magnetic recording medium and 
the magnetoresistive film at the time of recording and reading. 

15. The magnetic recording and playback drive according 
to claim 13, wherein the magnetic read head further com 
prises electric leads to apply a current in a thickness direction 
of the magnetoresistive film. 

16. The magnetic recording and playback drive according 
to claim 13, wherein the domain control layer for stabilizing 
the magnetic domain of the first ferromagnetic layer is 
formed on the first ferromagnetic layer through the non 
magnetic separation layer. 

17. The magnetic recording and playback drive according 
to claim 16, 

wherein the magnetoresistive film further comprises a bar 
rier layer and a ferromagnetic free layer disposed on the 
second ferromagnetic layer, and 

wherein an interval in the track width direction between the 
ferromagnetic freelayer and each side magnetic shield is 
greater than a distance between the ferromagnetic free 
layer and the domain control layer. 

18. The magnetic recording and playback drive according 
to claim 16, wherein the domain control layer is composed of 
a hard magnetic film. 

19. The magnetic recording and playback drive according 
to claim 16, wherein an interval in the track width direction 
between the first ferromagnetic layer and the side magnetic 
shield is larger than an interval in a film thickness direction 
between the first ferromagnetic layer and the domain control 
layer. 
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